The effect of oocyte aging on the calcium oscillations and embryo development of in vivo and in vitro matured oocytes by Lu, Yuechao et al.
The effect of oocyte aging on the calcium oscillations and embryo development of 
in vivo and in vitro matured oocytes
Y. Lu, D. Nikiforaki, F. Vanden Meerschaut, J. Neupane, B. Heindryckx, P. De Sutter
Department for Reproductive Medicine, Ghent University Hospital, De Pintelaan 185, 
9000 Ghent, Belgium 
Introduction 
Intracellular calcium oscillations are essential for mammalian fertilization and 
successful embryo development. However, calcium oscillations in aged oocytes may 
induce oocyte death or fragmentation. The aim of this study was to investigate the 
effect of oocyte aging on the calcium releasing ability of in vivo and in vitro matured 
mouse oocytes and their developmental potential.
Materials and methods 
GV and MII oocytes were collected from 6- to 10- week-old B6D2F1 mice 48h after 
FSH injection (GV) and additionally 14h after hCG injection (MII). GV oocytes were 
in vitro matured in supplemented α-MEM medium for 16h after germinal vesicle 
breakdown (GVBD). Both in vivo and in vitro matured MII oocytes were aged in vitro
for 8h or 20h. For the analysis of calcium oscillations, oocytes were loaded with the
fluorescent calcium indicator Fura-2AM and parthenogenetically activated with 10 
mM strontium chloride (Sr2+) and 2µg/mL cytochalasin D. Calcium oscillations were
measured for 2h during Sr2+ exposure and the number of transients was recorded. 
Separate control groups of in vivo and in vitro matured MII oocytes were aged 
similarly and parthenogenetically activated. The survival, 2-cell formation and 
blastocyst rates were scored. 
Results
In vitro matured and aged oocytes showed significantly less calcium oscillations 
compared to in vivo matured MII oocytes. However, no significant difference was 
seen in the number of calcium oscillations between the three aging groups, both in 
vivo or in vitro. The survival rate after parthenogenetic activation was significantly 
lower in in vitro matured oocytes aged for 24h and 36h after GVBD compared to the 
fresh (16h) IVM group. Two-cell formation was also significantly lower in in vitro
matured oocytes aged for 36h after GVBD compared to fresh in vivo matured MII 
oocytes.
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in vivo 16h 45 98% 11.0±5.2
a
98% 84% 38%
24h 40 100% 14.3±2.3
b
100% 78% 58%
36h 15 87% 14.8±9.7c 87% 15% 0%
in vitro 16h 49 94% 1.1±0.7a 16% 38% 67%
24h 33 64% 3.0±3.6b 33% 64% 43%
36h 27 67% 0.8±0.4c 7% 0 0%
SrCl2 in vivo 16h 51 - - 90% 100%
e 80%g
24h 52 - - 100% 83%e 72%
36h 15 - - 93% 14%e 0%g
in vitro 16h 24 - - 82%d 75%f 27%h
24h 35 - - 51%d 58% 58%
36h 22 - - 23%d 0f 0%h
a,b,c,f,gp < 0.001, d,e,hp < 0.01, 
Similarly, in the in vivo matured groups, 2-cell formation rate was significantly lower 
in the 24h and 36h aged oocytes compared with the fresh (16h) ones. Moreover, 
blastocyst formation rate decreased significantly after 36h of aging when compared 
with 16h or 24h aged in vivo or in vitro matured MII oocytes.
Conclusion
Oocyte in vitro maturation impaired their calcium releasing ability which may explain 
their diminished embryo development compared to in vivo matured oocytes. In vitro
matured oocytes showed a narrow time window of in vitro aging which still allowed 
sufficient survival, efficient activation and subsequent embryo development.
Although aging did not seem to influence the number of calcium oscillations, it did
have a detrimental effect on oocyte survival and subsequent embryo development
after parthenogenetic activation of in vivo and in vitro matured oocytes. 
